INTRODUCTION
Mercuric iodide x-ray spectrometery has been advanced considerably in the last several years (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . The exceptionally low room temperature leakage current which is possible with HgI2, combined with the good transport properties of electrons, have formed a good basis for high energy resolution x-ray detectors capable of operation at room temperature or slightly below.
Because there is no need for the cryogenic coolant and its associated vacuum cryostat, the design of compact and lightweight detection system is possible.
This simplicity and considerable size advantage can be important for terrestial applications as well as for space exploration.
Mercuric
iodide detectors have previously demonstrated 300 eV (FWHM) energy resolution for the 5.9 keV Mn-Ka line from an Fe-55 source and 245 eV (FWHM) for the 1.25 keV Mg-K line with both the detector and preamplifier operated at room temperature (1) (2) (3) . The sensitivity of HgI2 detector have also been shown for ultra soft x-ray below 1 keV.
The characteristic x-ray peak of oxygen at 523 eV was clearly resolved from noise (9) . With the input field effect transistor (FET) cooled to its optimum temperature of approximately 1400 K and the HgI2 detector at room temperature, a resolution of 175 eV (FWHM) for 1.5 keV (Al-K) has been demonstrated (7). These latter resolution figures are comparable to those achieved with commercial Si(Li) detector systems.
Currently work is underway to achieve comparable HgI2 resolution values with the preamplifier input FET cooled using a thermoelectric (Peltier) cooler.
Work on laboratory research prototype version of the Scanning Electron Microscope and Particle Analyser (SEMPA) instrument at The Jet Propulsion Laboratory (JPL) provided motivation for development of a minature, lightweight and low power HgI2 x-ray spectrometer for scanning electron microscope (SEM) (11, 12) .
The SEMPA instrument is proposed as one of the instruments for a Mariner Mark II mission to rendezvous with a comet in the 1990's (13).
As proposed, the spacecraft would travel with the comet for several years while periodically performing analyses to provide information on the composition and character of the comet dust. The SEMPA instrument would collect solid comet dust, image individual grains and collect x-ray spectra for quantitative determination of Na and key elements with higher atomic number, expected to be in the minerals and rocks. The total actual analytical time for imaging and x-ray analysis is expected to be about 1000 hours.
The requirements of such an interplanetary mission place severe constraints on the selection of analytical instruments, including the choice of an x-ray detector for SEMPA. The use of a Si(Li) detector would require the use of a costly radiative cooler to achieve the required near liquid nitrogen temperatures. There is evidence that a Si(Li) detector system can be operated at degraded performance level with thermoelectrical cooling, however high electrical power and heat dissipation capacity would be needed (14, 15) . Therefore the use of a HgI2 detector was identified as a good choice to minimize power consumption and weight of the SEMPA instrument since the preamplifier input FET and detector would clearly need to be cooled using only small thermoelectric coolers.
A series of experiments have been conducted using a mercuric iodide energy dispersive x-ray spectrometer installed in the JPL SEMPA research prototype instrument.
These are continuing experiments designed to study and improve such factors as obtainable x-ray energy resolution, effects of detector positioning and proximity to the target, and optimization of thin filters in front of the detector to eliminate unwanted backscattered electrons.
EXPERIMENTAL SET UP
An outline drawing of the SEMPA target chamber is presented as Figure 1 . The detector and first stage of field effect transistor preamplification are inside of the flanged housing (to the left in the views) and thus extend into the microscope vacuum. The vacuum flange and electrical feedthroughs lead to the subsequent stages of amplification which are housed externally. All measured x-ray peaks show excellent symmetry.
The shape and intensity of background counts is typical for electron excitation.
Within acquired counting statistics, I or Hg escape peaks (AE-3.9 keV and 2.2 keV, respectively) are not visible in the spectra. This is expected from the fact that the escape peaks would be from iodine L and mercury M levels which have very small fluorescence yields (16 indicates that the presence of even 50 nm of HgI2 deadlayer would significantly alter the continuum from that observed. The computer model for HgI2 detectors, and deadlayer-absorber simulation will be the subject of a future paper.
DISCUSSION AND CONCLUSION
The experimental results have demonstrated that a mercuric iodide detector system can be successfully used in a compact, power-limited scanning electron microscope. The energy resolution achieved, from 195 eV for Mg-K (1.25 keV) to 230 eV for Cu-Ka (8. Characterization of HgI2 detectors with a carbon x-ray target indicates lack of evidence of artifacts in the x-ray spectra due to absorption edges, secondary fluorescence, and escape peaks related to mercury and iodine elements.
Detection efficiency in the low energy region (below 2 keV) is limited by the thickness of beryllium absorber and detector carbon entrance electrode. There is no evidence of any inherent deadlayer in HgI2, By elimination of the beryllium absorber (which is not used for any cryostat housing purpose) and using a thinner evaporated metal entrance electrode (described in ref. 9) a simple, non-hermetic, true windowless detector system should be possible with the addition of magnetic or electrostatic backscattered electron "filter". Moreover, non-hermetic construction allows for detector placement closer to the sample with potentially increased geometrical efficiency.
Compact HgI2 spectrometers will be extremely valuable for space exploration x-ray analysis because of their reduced weight and power requirements. On earth they could reduce the cost of x-ray fluorescence analytical equipment as well as make these instruments truly hand-portable and convenient for many applications.
